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I.LTIRODUMrON •

Gas guns are laboratory devices used to accelerate projectiles to
high velocities. The HDL gas guns are used in conjunction with other
equipment to simulate the inertial forces experienced by a fuze or fuze
component when artillery fired. in this technique, the gas gun
accelerates the fuze to a desired velocity, then the item impacts into a

preselected target, At impact and during target crush, the fuze
dxpariencas a deceleration similar to that of the actuaL. ballistic
environment.

A 7-in. diameter, 98-ft-long gas gun was recently installed at HDLo
Air at atmospheric pressure propels the piston-like test projectile
through the evacuated gun. Future plans allow an increime in the
overall gun length from 98 to 314 ft.

The 7-in, air gun is computer controlled and bidirectlonally
interfaced, Instrumentation data are promptly recorded in ccoputer
memory and the computer is prograemd to calculate, amngst other
things, projectile i".act velocity and average ispact test deceleration.
A formatted output of teat paramters and calculation results Is
available within 10 min of the test. The projeatile's position-tim
history during impact is recorded by utilizing streak photography.
Information amased on the photograph iA digitired by using a
computex-ontrolled microdensitometer. VelocitY veS tiW1 and
deceleration versus tim caurw are generated by computer analysis of
the data. fthee c*urve and data ate available within 4 hr after the

Ihis report ptesents the deVlopmePnt, pro Met, inspection, and
acceptance detail.s of the .7-in, air gun, as voll as a brief description
of P.ML'e use of the air Tan in ballistic simulation. Also,, the
iustrumentotion uso and data reduction procodur*3 are discussed.
Results of initial shots, a. well as futux. plans and retion
axe presented.

- 2. DM1QN APPLICATION

j, 2.1ir-Gun Qoeration in ballistic •isulation

The air gun accelerates a proj•etile to som desired velocity
over a distance that is long compared with. the stopping distance. Air
at atmospheric pressure and temperature pr"Is the bird (projectile)
through the evacuated gun (fig. 1). During psp6dwAn, the brech of the

$?
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Figure1 Air gun opeationalpass

OVA is sealed by the slightly undersized bird (typically 0.005 in. loes
thanbor dister setedwitin an 0-ring that i. retained within the

gun. A Pin restrains bird wvemant during this procedure. The muzzle
is vacuum sealed by a disphralm Of NYlar shett- 0.0015 -in. thick,
secured betson a muzzle seal and an 0-riag oan tite face of the gun,
My4.r is anod because of AtA. capabilitiem to withstand high tensile
stresses set up by the lUrge presssure gradlient, yet it readlily shears
when pwwctured by the bird.

Whein the desired vacuum~ is achieveds, the pin -is restracted and
the bird relesewd. The peak acceleration sustaine by the bird in the
air gun in approximately 100 g.

2.2 Dalxletica simaulation,

7The air gun propels the bird to the velocity required for a
particular ballistin simulation, "the bird, in most tests, acts only a.
a carrier for the fuz. or fazte component. being investigated. After
exiting the gun, the bird impacts a migitator-ftmentut arch anse mass
(MEN) configuration (fig. 1) - It is in this ipact, event that the bird
sustains the controlled decelerationt. Sines the teat item is mouted so
that it faces in oppouitb direction to the approach, this deceleration

6
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corresponds to the setback forces that would be perceived by the fuze

when weapon-fired. The bird is effectively brought to a standstill
within a short distance with its energy and momentum absorbed by crush
of the mitigator and motion of the NEM. The resultant deceleration is a
function of the type of mitigator, MEM mass, and bird mass. 1

3. DEVEIWPMENT DETAILS O 7-IN. AIR GUN

3.1 Basic Objeqtive

The 7-in, air gun is needed to test larger mass and larger
diameter fuzes than can be accouoodated in the HDL 4-in. ai- gun. Space
limitations at the HDL Washington site however, restrict usable gun
length tr 100-ft maximum. Thus, the 7-in, gun will be lengthened to
314 ft when the gun is relocated to the n--# VUL s!.te (Adelphi, MD) in
1976. Consequently, essential components were procured for use with the

S98-ft gun, as well as for subsequent use with the 314-ft gun (table 1).

TAB.LE I. SECTIONAL DREARDOWN Oa 7-1N. AIR GUN

Quantity Section Total length
*1 (ft)

1. 24-ft tube .U.8

210-ft tube 20

I Expansion cawber 3- 1/2

Total lengthl (jtý 114

" H. Curchack, An Ar.2Ilery Simulator for tiue r.aluati.,n, Harry
Dlaa. tn Loratorle , oport Me M.M7- 33O Z 66)
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S3,; Fabrication

iihe gun tubes are made of cold-drawn steel honed to a
7,033 ± 0002-in.-bore diameter. The bore is polished to a 32- in.
finish, whereas the external tube surface is in the "as drawn" state.
Tube ends are flanged, have a rabbet fit, and an O-ring groove. The
bore diameter of the female Joint (the end nearest the muzzle) is always
larger than that of its mating section, thus obstruction to the bird is
minimized as it passes through the joint. The 7-in. gun is supported by
a stand at each flange. The 24-ft sections are also flanged at the
center, which makes a maximum distance of 12 ft between stands. Flanges
are clamped to adjustable supports that permit both vertical and
horizontal axial tube alignment.

3.3 [nsction Procedure

.The tube sections were inspected at the manufacturer's plant
during gun fabrication. in addition to usual dimensional checks, tube
straightness and bore-diameter variations were determined with an ATI
laser toolinglalignment system (fig. 2) and a spiral-wave gauge (fig. 3)
designed by the manufacturer.

4. .

N"g, N~o. 49ý-166-274 1974
F'igure 2. ATI laser tooling/aaigt•met systeA.

The spiral-wave gauge uses a dial indicatot to measure the
dsviation (in 0.000I in.) of the tub* wall frm an 1maginary line drawn
batwven the points of contact of the wheels and the tube. Desiqne•
prisaxily to date•uine the -existen~e of spiral• aves that result frow

8
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flgure 3. Spiral vavo gauge.

Ohew ...ravig rw ca, 3-ia-a r-tr'r- wita s~ ou retiu~cid t6

diteritwn tub*be -stratghtnk. antd L'or•di•maoer variations r ap A). The
gauge is centered on a platform that is supported '14 two knife-edge

•.wheels (fig. 3).

int*xval4 eqlal to tha disti•.ce otvetrn th dial indicator pwobe and the
knife-a•ge vheels (tno fig. 3) while the device vwa drawn along the
inside of the tuber., .A battezy.-tntered light, built into the devic.t,
"j"-roitt.d telnccopic reading of the dia indicator, After a con)ieto
ase, of teadig were taken#, tie tub. vas rotated 90 dog abou' its
longitudinal axis apd the prccdure w er etod A tape easure fi.ed to
"the upiral-vave gauge v,". used to referewe the position of the dial
indicatot to oa end of ts tub•e.

The laser tooling/al$giq nt system includas a heliunr-neon laser
that projects a constit diamter light bem. The collimate light
falls tpon a detector target consiating of a photoelectric cell
partitioned into four quadrants. Each quadrant emits a current

9



proportional to the amount of light that falls upon it. The detector is
electrically attached to a readout unit that displays on two meters (in
0.001 in.) the horizontal and vertical deviations of the laser beam from
the target center.

Using this system, the inspection procedure has the detector
target centered in a cylindrical carrier that is designed to follow the
tube contour. A steel-tape measure is affixed to this carrier so that
the location of the detector is referenced to one end of the tube. The
laser is aligned so that its beam passes through the center of each tube
end. The carrier is then drawn through the tube starting at one end,
with the vertical deviation recorded at 6-in, intervals. This process
was repeated with the tube rotated at 90-deg intervals until four sets
of readings had been taken. These data were processed to yield
bore-diameter variation and deviations from an optical axis passing
through centers of both tube ends (app B).

Problems arose with the use of this laser due to convection
currents and general room vibrations, Both situations created an
erratic shift in reading superinposed on the true reading. The
problem was minimized with a makeshift assembly that enclosed the laser
and tube end to reduce the effect of convection currents. Vibrations
from equipment and personnel were minimized by working in an isolated
area of the plant.

The final acceptance procedure also requires that an inspection
gauge (fig. 4) be drawn, without binding, through randomly mated tubes.

IkI

Neg. No. 49-186-272 1974

Figure 4. Inspection gauge.
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The gauge is 14 in. longs at the 2-in,-wide bmads, the diameter is
0,005 in, less than the nominal bore diameter. Unobstructed gauge
passage through the tube and juncture insures appropriate alignment of
the mated tubes for test projectiles customarily 5 to 8 in. long.
Pressure tests of the coupled tubes and the expansion chamber were also
performed to insure proper vacuum seals. These tests involved sealing
the open ends of the mated tubes or expansion chamber, then applying
5 psi air. A liquid soap solution was applied to joints and seals to
detect possible leaks. T-o minor leaks were discovered in the expansion
chamber that resulted from a design oversight carried over into the

actual fabrication.

3.4 Assembly

.hree 24-ft sections, two 1)-ft sections, the breech section,
and expansion chamber were assembled to construct a 98-ft air gun
(fig. 5). The additional tube sections were purchased for use in early
1976 at the new HDL site. Each tube intended to be stored was coated
internally v--th Shell V.P.I, 260 Volatile Corrosion inhibitor before
being sea•1.x.. > cover plates. The tubes used in assemblinq the 98-ft

jii gun were thvoeaghly degreased and wiped before installation to eliminate
oils and metal slivers remaining from the honing process.

Neg. No 49-186-273 1974

.igure 5. Tube sections used in 98-ft-gun assembly

S~11
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3.4.1 Gun Tubes

The selection of specific 24-ft tubes for the 98-ft gun and
their arrangement was resolved f=n laser data obtained during the
inplant tube inspections. The "best" tubes were chosen in setting up
the gun--the "best" being determinad as having minimum curvature at tube
ends. This was done so that (1) evaluation of the gun would be

* I accomplished under optimum conditions, (2) adjacent tubes could be mated
Seasily, and (3) the bird would have smoothest transition across the
j q jgInts. The order of alignment was also resolved by employin, this same

tube straightness standard. To maximize efficiency at the muzzle where
the driving force is minimum and to prevent whip of the projectile at
gun exit, the "best" tube was coupled to the expansion chamber. To11 ireduce gas blowby at the breech where the driving force is highest, the
remainin'y tubes were aligned "best" to "worst" commencing at the breech.

The tubes were installed and aligned, using both the laser
system and the 14-in. inspection gauge. The laser beam established a
horizontal optical axis through the center pointa of each end of the

- expansion chanber and the gun was then assembled along this beam
(fig. 6). As each tube was added, the detector target was drawn through

Neg. No. 49-186-277 1974

Figure 6. Laser setup uaed in gun construction.
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the tubes, positioned over a stand, and the orthogonal stand adjustments
corrected to bring the tube-centered detector into alignment with the
beim as indicated by zero deflection on the readout units. The final
alignment criterion remained the smooth passage of the inspection gauge
pnst the juncture. If the gauge became obstructed, the adjoining stand
closest to the breech and the stand beneath the joint in question were
adJjusted until free passage ensued. If this failed, the tube being
coupled was rotated and the procedure repeated. In the case where the
stands had to be adjusted for passage of the inspection gauge, the
maximum variation from the axial alignment was found to be 0.015 in.

3.4.2 Catch-Box Room

The ballistic-simulation process occurs within a 6- by 11- byV I8-ft reinforced concrete room called the catch-box room. The expansion
chamber is anchorm to two parallel I-beams on the catch-box room floor
-nd to "''e front inside wall of the room. A mitigator-MEM target stand
and a wall backup plate were aligned with the direction of exit of the
bird; an alignment method was used, which centers the laser inside the
expansion chamber over the final 8 in. of gun tube (fig. 7). After

N ' . . -

Figure 7. Alignment tool determitting direction of bird exit.
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alignment, the backup plate was bolted to the back wall of the room and
the target stand was fixed to the parallel I-beam on the floor.
Supporting rails for the streak camera were installed so that the photo
lens of the camera is 30 in. above the mitigator-MEN target. All
wiring required for this camera and for instrumentation in the
catch-box room extends through a trough beneath the expansion chamber to
an exterior room.

Preliminary setup shots demonstrated the need for a MEM

"capture" box to prevent damage from the ricocheting MEM. A container
of welded 0o5-in.-steel plates was constructed specifically to catch the
MEN (fig. 8).

S" MEM CAPTURE BOX

Neg. No. 49-186-265 1974 (2)

Figure 8. MEN capture box.

14
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3.4.3 Diaphragm Assembly

The diaphragm assembly for the 7-in, air gun uses four
hydraulic clamps symmetrically positioned to provide uniform pressure on
the cover plate (fig. 9). The cover in turn clamps a 0.0015-in. mylar
sheet against an O-ring embedded in the face of the expansion chamber.
The setup provides vacuum-tight assembly and clamping strength that

preclude the nylar from slipping in spite of the large force on the
diaphragm. In addition, the design permits easy, rapid change with
minimum chance of damage to the mylar diaphragm. Each Hydra-Dyne Swing
Clwup furnishes 636-lb force per 1000 psi of supply-oil prqssure, A
Hydra-Dyne Power Booster is employed to convert 90-psi air line pressure
to the required 2500 psi of hydraulic pressure.

_YO.N RA LAMP

At"

Figure 9. DiaphLxagm assembly and expansion chamber.

iis
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3.4.4 Breech Section and Release Assembly

The breech section includes a 2.5-ft section of honed tubing
that oontains three O-ring grooves and a housing for the pin-release
assembly (fig, 10). The O-ring grooves were inadvertently machined to
an o~d. larger than that specified. A satisfactory vacuum seal ij
achieved, however, by stretching the O-ring which is presently a Parker
2-262. The pin release assembly has a 1-in. diameter piston activated
by 90 psi air that is controlled by a 110-V single-solenoid valve, The
1-in, piston is sealed to the housing by two 0-ringso

P E

Neg. No. 49-186-265 1974 (3)

Pigure 10. Breeah section and release asmobly.
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' 3.4.5 VaoUum stem

After coupling the first tube section to the expansion
* chabeOr, the vacuum Pump, piping, and essential valves were installed.

The vacuum pump was mounted on a welded stael table located outside the
catch-box room over the first tube section (fig. 11). Rubber pads
isolated the table from the floor and reduced vibrational clatter.
Later design changes will include fastening the table to the floor and

1 extending the pump exhaust, and this its noise, outside the building.

When the 7-in. air qun was completely asseabled, cover plateswere placed at the breech and muzzle sections and a vacuum was pulled.

A Hass Spectrometer Leak Detector (General Electric, type 4-60) was
placed in parallel with the vacuum system. Release of helium as a probe

VA

: 7I

I(I

Neg. No, 49-166-2fU0 1974

rigure 11. Vacuum pump and table.

17



gas around the flanges demonstrated that the tube flange conneotions
were vacuum tight. However, numerous leaks were discovered and

•i::corrected on peripheral equipment tied into the expansion chamber. One

usm4l leak found in a valve could not be corrected without extensive
revaxding of the vacuum piping. This leak does not unduly iqmair
preliminary gun test and will thus be fixed whem the vacuum pup is
removed to tie the table to the floor.

4. IMSTEZMTATION

4.1 Phot.•lls and Ti•irECounters

A pair of Texas Instrument photocells (type L66) is used in
conjunction with light sources to measure projectile velocity. These
photocells, situated 1 ft apart, are built into the expansion chamber
(fig. 9). As the bird interrupts the photocell light beams, 1l-V output
pulses are generated that start and then stop a Hewlett Packard 50-Wi:
timer/counter (model 53269). Consequently, the timer/counter indicate.
bird transit time precise to 1 tisec; the reciprocal of this value yields
the average velocity, which is also impact velocity. The stop signal,
in addition to stopping the counter, pulses a. delay line that triggers
the streak camera flash unit prior to impaot.

A method is being developed to ccypute an average acceleration
over the impact event directly from time data rather than from
measureuent of mitigator crush as done previously (app C). In addition
to the projectile iwgact veloct measement, this new method rues.
the easur•ent of the 104 velocity after iqnact. For this reaoon, a
second pair of phot9cella (fig., 8) is placed to detect ZE pazaea-
across a 6-in. interval, A second Hewlett Packard SO-Kiz timer/counter

(model 53260) is used to easure the time interval between photocell
start and stop pulses, A third counter is required to neasure the time*-
between the stop pulse triggered by the bird in the expmnion chamwr
and the start pulse triggered by the R. A Beckman counting unit
(mod&l 6380) is being used for this purpose.

A Hewlett Packard 5S-illz timer/counter (tcdel 5326A) records
* the time interval for one coplete revolution of the streak c-aera& drwa

to 1 tilec. The Measurement is made at the time that the iwact event is
photographed. TVo 3-V pulses are generated by the streak camera coatkou
unit to start and then stop the timer.

18
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4.2 Cowuter Control

The 7-in. air gun is computer operated through a Hewlett
Packard 2570A copler/oontroller (fig. 12). This device functions as a
bidirectional interface between the gun and a timeshare computer. The
underlying principle of operation is the capability to transform
digitized information into ASCII computer code and vice-versa3Equipment power on# safety constraints and gun-firing command originate

from a 16-bit relay regjister card interfaced into the system (fig. 13).
Al)4 i~nstructions are programed in basic from the GE Mark 1Z1..Timshare

•;,. servi.ce,

N.. N4o. 49-6-200 1974

Figiure 12. Air gun-computer intorface.
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R"a.. No. 49-186-206 1974

0t Fivure 14. Strek caet.

3 - of t.1 bird is r.ftectad by diagona to
70-s91 an&J~~l width *lit ontt- the fileo. recr'ord i

a 7-Mby -mstreak photogrAph.. Microdertsitoi4atetr digitised data
derived from the streak photograph t. finite difienacead to pwodawe
cortflpondin9 velocity and acceleration profiles.

4.4 ?Qcro•daitomet .r

The streak photograh trace is reduced to a dicitrl format vtit
a 0owruter-controlled automated ic satteter,. ••arard commarctal
miowdeItemters xzauauy provide maxita stage dismesions 10 by 10- Ini.
A stage of thi's sit could not readlily handle the 70-M by I--* Ooz1in
streak cw-ra recrd. Specification were thus vrittec a *A e

21



requested. The contract was awarded to Photometric Data Systems
Corporation. A film-transport design to handle the required film strip
was incorporated as a modification to their standard model 1050 Micro-
densitantsor Data Acquisition System (fig. 15).

. .. . . .i .

f l- -" Cr-

4i.

i• i eq, No. 40-1"-207. 1474
V: igure 15. Mictoeaitmer systab.

-.

oanually or by the Digital EquipamRnt Corporation PW91H sti-ni~cewutr,%1ch is 1terfaced into the fi.lm .analysis daytteI6 1/O d.vi'es inter-

•faced to the mticeaw~utor includte a Pertac 9 track maqnetic taperecorftr, Revex high sered p e ir tape tuerh/rayer, colntr Packard 7101

&4 strip chart rtcorntr and teletype KSR33. In the automatic mode, 2k
two-vord data pairs may be acquired during each file scan. A data pair

22



comprises a position coordinate and a density or transmission level.
The stage location is measured to 1-i precision in both time and dis-
placement (scan) axis by linear optical encoders on the microdensitom-
eter and displayed as a six-digit coordinate readout in microns. After
each scan is completed, the film transport repositions the stage to the
next incremental time position to be read. Also, when a scan is
concluded or the data field is filled, the contents of the data field
are dumped onto magnetic tape, The digital data on the magnetic tape
ate later reduced on an IBM 1130 couputer to provide the vel6city-time,
acceleration-time, mitigator stress strain, and force-velocity data and

.5 TEST SETUP AND BESULTS

To date, 34 shots have been fired to evaluate gun performance,
determine problems, and effect their resolution, These intial tests
were also used to check techniques and the precision ettained in
*calculating average test acceleration directly from photocell measure-
mots. The basic coputer program used for acessing datae controlling
operatiois, introducing safety delays, and implementing gun firing was
forwtilted, then optimized, during these shots (app 0).

5.1 G!Prto~ce

Projectile velociti.es of ,160 to 510 ft/sec have been attAnned
.. for bixd %asses of 5700 to 4300 qrwn, roespecvely. 8ased on thiS peo-

foruance level, prjctilo velocities fo r th vrbable twang of bir
%a•ses (3.25 kilogram considered the minimum bird mass for a ro•tuw lO
bird) can be predicted (fq, 16). AverAge aVclerXtion lcvsls of 10 to
.15 kq over 1.2- to 115-ninc duration h1ave bo'- attained with -arine
grad plywood uitigatorso-

BiJrds *to fi red after the qua barrl pressure Is a rduced to
I tort, "The expanson chaber provides a large volu*e at the put=re,
mkinisLri•r-g pressure builduP du# to coWrosnoa of air trapped between
the bird and the mylar diaphraqb.

Subsquent to this test series, the bird was exaz&h4d visually,
W bnoWaal wear could be seen on t~he bird lands (bearinq surfaces.),
.coniminq that the bird passes smoothly across tube Joints. An
unexmected developsent did occur, hov-ever, in which the bird always
rotated in travelinw the 98-ft gun. length. NO definitive czplartation
was .dZte'iZed for this rotatien. Balancing the bird relative to itsU!aituili*4 "it did oot correct the problem.
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SFigure 16. Predicted impact velocity versus bird mass.

•i--

•,•5,2 Diaphr&%m Assembly Performance

• while pumping down the gun for the first trial shot, the rylar

"•-•iiidiaphragm slipped. The air surging back to fill the tube, hurled the

Sbird Lackward and out of the breech section. It was then observed that
one 'of the Hydra-Dyne hydraulic clamps was not adjusted correctiy and

•!i!•that the corner of the aylar sheet adjacent to it slipped int the gunj

Sthis problem has recurred twic 'e. It is felt that these failures can be
i:- t~tributed to either misalignment of the hydraulic clamps or an exten-
- sive wea:,ening of the mylar i-tself due to several pumep downs followed by

,,• vacuum release prior to the gun's firing.

50 Catch-Box Action
WhOne probuem related to a gun of this size is the necessary

controlled dissipation of bird erec sctum. since the bird is intended to
come t a complete s yc r shortly after inpact, its kinetic energy is
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absorbed by mitigator crush with excess momentum carried off by the HEM.
High-speed nvtion pictures of the impact showed that with proper ratio
of bird mass to total mass of mitigator and HEM, the bird is effectively
brought to rest as desired. In the earlier shots, the bird came to rest
and then gradually accelerated. This was caused by the propelling air.
This effect was minimized by placement of a barrier that disperses the
air and also protects the ,Vpansion chamber from possible bird rebound.

The MEM must be stopped to prevent damage to catch-box room
equipment. Initially, this was attempted by having the MEM impact a
staok of lead blocks. This method was far from satisfactory because the
le&d blocks and HEM were hurled around the room. The problem was
carrcted by fabrication of a MEM capture box and by staking the lead
blocks within this box in a manner that caused the MEM to gradually
decelerate and be contained (fig. 8).

5.4 Instrumentation Difficulties

Various problems arose in interfacing the iritrumentation to
the gun. One problem was premature triggering of the timer/counter from
electrical aoise. Steps taken to minimize these occurrences included
(1) photocell isolation from mechanical vibrations, (2) use of addi-
tional dacoupling filters in the photocell power-supply line, and (3)
setting the trigger level of the t..ne/counter higher than that of the
typical noise level generated.

It was found that the vacuum valve produced an ac power surge
through one of the programn relays of the coupler/controller, which
caused improper function. This problem was eliminated by inserting a
bypass condenser across the solenoid.

Inconsistent times were recorded for the rotational period of
the streak camera. Two factors were involved: (1) the 3-V pulses
generated from the camera control unit were comparable in signal level
to extraneous noise spikes; (2) a mechanical problem in the camera
itself caused inconsistent readings, Until these defects are corrected,
a s! .2:ond time/counter will monitor the camera spin.

6. CONCLUSIONS AND RECOMMENDATIONS

Construction and instrumentation of the 7-in. air gun is
presently 95-percent complete. This system is now available for
Interior ballistics simulation. Work has already begun to reconstruct,
document, and corroborate tests made for HDL by Motorola's 6-in. air-gun
system. Because of instrumentation difficulties, insufficient data have
been taken to evaluate the technique of measuring an average accelera-
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tion from photocell measurements. Additional work should include (1) a
thorough vacuum check while the vacuum system is opened to anchor the
puup support table to the floor, (2) an alignment check of all tube
sections to evaluate effect of time and usage on alignment and sag, and
(3) correction of the mechanical problems associated with the streak
camera*

The following recommendations are expected to optimize safety
in the existing system and to minimize difficulties in reassembling this
gun at the new HDL site.

(1) Fabricate a barrier surrounding the breech section of the gun
to insure personnel safety if the mylar diaphagm should fail
and the bird is ejected.

(2) Conduct an exact inspection of all remaining tube sections
using the laser tooling/alignment system and the spiral wave
gauge so that the array of alignment at the new site can be
readily determined.

(3) Develop a technique to minimize extraneous effects on the laser
system--for example, convection currents in the tube--to
"minimize difficulties in aligning 314 ft of tube sections.

(4) Check stored tubes periodically to insure that no corrosive or
other ill effects are occurring.

26
R



APPENDIX Ao--REDUCTION OF SPIRAL-WAVE-GAUGE DATA

Tube straightness and bore-diameter variations were computed from
spiral-wave-gauge data. The technique used involved measuring local
tube bends relative to a line, L , between the point of contact of the
wheels on the gauge and the Inside tube wall (fig. A-i, sect. a).
Before measurements were started, the dial indicator was zeroed on a
surface plate so that a reading of zero indicated no local bend in the
tube. Two sets of readings si and s were taken where:

s= spiral-wave-gauge reading at each posit io" increment,

Si' = gauge reading at each position increment w- th the tube
rotated 180 deg.

Bore-diameter variations, bi, were then computed for each position
increment from

bi (si + si')/ 2  i 1 to z ,(A-)

where

z = total number of position increments taken.

To compute the slope of the tube relative to a straight line
through- it, the effect of natural sag and diameter variations were
eliminated from the spiral-wave-gauge readings by

ri= sis /2 i 1 to z, (A-2)

where

ri = resultant local tube bend independent of sag and diameter
81 variations.
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APPENDIX A

-

SPIRAL-WAVE GAUGE-
h' -/ " • .

•-i- ..... ri7/• •
.1- : ". 'h (a ) Cb)

L2

-•: " - -O y 7- . .. ,

Figure A-i. Spiral-wave-gauge data reduction.

• . ~The deviations of the tube, yi, with respect to any straight line, ,
through the tube (fig. A-i, sect. b) were then given by

Yj = 2(yi- - ri-1 ) " •'i-2 " (-3)

It is assumed here that this straight line, L2 , is approximately
parallel to the local reference line, LI, deterzmined by the spiral-wave
gauge (fig. A-i, sect. c).
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APPENDIX A

To insure that line L2 passes through the point-of-zero deflection
at the tube ends, we solve the following simultaneous equations for an
ro (fig. A-1, sect. d) s

YO -0

y 2r0

y 2(y- - r) -y (A-4)

2

y 0O* 2(yzl r- 1  Yz-

which gives

2, r° W zi) ri/Z (A-5)
i i-i
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~'* "4, APPENIX Be.-RMUC*¶flU OF LASER DA'%

To reconstruct the bor--diameter variations of a tube from ah-
inspeotion data, all influence of natural sag from its own weight hM to
be eliminated. The deflection from the centerline of a uimly supported
tube (fig. B-1) is as follows.

W/L

PB

-. - - - -- a- - - -~ -a - - -- a - - 4
B I

* I Figure B-1. Sinply supported tube section.

Let

RpR 2  reaction forces of stands 1 and 2 used ia inspection

-V weight of tube

L - tube length

PlP2 - position of stands I and 2.

Solving for the reaction forces,

Vl WP 2-O.5L)II(P 2-.Pl)

R~i W(O.5ta-pj)/(P 2 -Pi) *(2

•..

g-4

I(,
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APPENDIX B

We then solve for the bending moments

M, EId2v(x)/dx2  (B-3)

where

-M- bending moment,

E - Young's modulus,

I - moment of inertia of tube,

x - position from end 0, and

v(x) - vertical deflection of tube at position x.

For O< x.<Pit the bending moments equation becomes

d2v(x)/dx2 --Wx2 /2E1L (B-4)

which integrates to

dv(x)/dx d dv(O)/dx - Ux 3 /6EIL (0-5)

v(x) v(O) + dv(O)/dx-x - Wx4 /24EIL. (B-6)

Similarly, for p, - x < P2 "

d2v(x)/dx2 a-WX2/2EIL + Rl X-pI /E (a -7)

dv(xCs/dx - dv pj)/dx + W(pj3-G 3)/61E1L +

Rl(K+ + p1-Pi)/2 (E-)

v(W V(p) + dv(p 1 ),dx,(x-pl) +

W(4p 13-x-x" - 3p,")/24,.L +.

Rl(K3 - 3pl x + 3p, 2 X-_P 3)/6EI (a-9)
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APPENDIX B
P=r P2<S X : Lt

d2v(,c)/dx2  --WX2/2EIL + RI (K-pi)/EI + R2(x-P2)/ka (B-10)

dv(x)/dx dv(P)d +wp3-x3)/6EIL +

Rl(x2-2p, x-p 2
2 + 2p, P2)12EI +

R2(,2 - 2P2 X+p22)/2E1 , (B-l)

VWx V "(P2) + dv (p)/dy ~-p 2 +

W(4P 2
3 X-X4 - 3P2 -)/24EiL +

J- 3p, 2 - 3p2 2 x + 6 p, p2 x+2 - 3p, 2)/6E, +

3 - 2•+3P2 2 , -P 3)/6EI. (B-12)

For the sipl.y oupported tube,, the following boundary Lomtiozu holds

i!- "~~(pl) " 0.€,,•
v(P2 ) a 0'~-3

The bentding mwexit equations contain the folloving ur&konsi

v(O), dv(O)/dx, dv(pl)/dx. dv(p2)/dx. "8-14)

Substituting x-p2 into equation (0-9) allaws us to solve for 4výp 1)/dxxv

dv~p)d [w~4-4p3 p2+3p14)/2491L, +

Combining equatiowz (B-IS) and (B-S) allows us to solve for dv(O)/dx.

dv(0)pdx dvp 1)id * +,Wp1 3 /6EIL. (C-16)
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We may then solve equation (B-6) for v(O):

v(O) -dv(O)/dxPP + WP1
4/24EIL. (8-17)

Solving equation (B-8) for x-p 2 gives

{2
,dv (P2) /dx -dv (Pl)/Ix + R, (pr-p) 2 /2EI -Wp (~ 3 - 1 3) /6EIL. (B-l8)

We now have expressions for the deflection of the tube due to its
own woight as a function of position from one end and the location of
-the siuport stands. In this analysis, the weights of the flanges are
neglected since their effect was found to be negligible.

-This technique required two sets of laser readings to reconstruct

the shape of the tube, one taken with the tube rotated 180 dog relative
-1.: to the other. The positions of the stands had to remain the same and

for each set, and readings over each stand were required. it was also
required that both sets of readings be taken with respect to the sami. optical axis. Since it is known that the tube does not deflect over the
stauds, both nete of readings can be txamnfoined by

q~x) ~rQ -[(`wj-v 2) (X-PI) I(Pl-PZ) +' wii

#: " wher

q(x) t ransformed laser readiog relative to line-through points of zero deflection over soands

:• "w(x) -laser reading-at positieu x

W1 laser reading over sta: d o

[w 2 -laser re-adin• over stand 2.

Similarly,

I- (W + V 4)
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Where

q'(x) - transformed laser reading with tube rotated 180 deg

wi(x) a laser reading taken with tube rotated 180 deg etc.;

The bore-diamter variation of the tubet b x(, now becomes

b(x) q(x) + q'(x) - 2v(x). (M-211

The variation of the tube with respect to the line through the stands

becomes

z(x) - [q(x)-q'(x))Iz . (B-22)

where

z(%) tube variation without sag,

Since we were concerned with the shape of the tube with reau ct týo
an optical axis through the center points of each end, we. mst subtract
a line from the reaults so that no deflection in read at the

6ndpoiats. 'Lzat Lo

• u(s) - a(s) - {4l-(lxL4 () ,(-3

wher

u(s) - deviation from optical axis through the center
points of each end.
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APPENDIX C.-CONPUTATION OF AVERAG ACCELERATION FROM PHOTOCELL

Figure C-1 is a trace of the paths of the bird and 10W during the
ballistics simulation where

S- X2-X1 - separation of photocells in e3pansion chamber,

S2 u-X - separation of photocells nunted behind" HEM,

-t T2-T1 - time required to trigger photcells in expansion
chamber,

t 2  TgT7 - time required to trigger both photoceols behind the

T -TA-T 3 - time required for initial stress wave generated at
impact to reach WN.

2b

W

T4

TS

XX X 8 X3  X0X9 XK X7

TRAVEL

?igure c-l. Position-time history of bird artd 104 during ballistics

ft'nth meous
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IWPEl C

IThe path of the mm before it reahes the photocell at X6 may be br'o.-
into two regimist

y- Xý-* region over which MM accelerates,

-I 5 (TS-T 4 )/2t2  (C-1)

and

"Y2. X region after mm stops tcclesration
utbefore it re~zaes photocell at 6

7. (..Td-TS) /t 2  *(C-2)

%0ie total Path taken by the NEK then becoms

Y 1 * Y 2 2 (C-3)

y.s(T 6O 9 ~~6r, C4

f tt imact ti- a-t* is

At T5  T3  (0) T

j 4&¶aerefore.

i •T4d T S 4- +, T3.1•0 S -(T6- 00SM-O/ST.3-f.5t•/t , 0-O)
But

T4 T3 + T

Substitutimin .qtions Coe-) and (C-9) in-to (C-7) give4

[T T- At/ y -)( /tj) T/12]/t 2  (C-1O)
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and APPENDIX C
•:: and

at - - t2( + (C-11)

where

T, y* s1 ,s 2 (x3-x2 ) are known before the test,

t1 . t 2 . (T-T 2 ) are Mea••rd with photocells.

2tte average acceleration level then is given by

2a- (V2 - 1)/At (C-12)

-here

a • average bird acceleration,

V1 iMact Velocity of the bird,

v: -I S/tit1,-.3

V - final bid velocity which is given by co"eovati(A Of

,:'4 W."ME Plu mitigator wekight,
4: &

U2 MR and mitigator velocity,

U2 - S2 /t 2 .



APPENDIX D. CONTROLLER AND DATA REDUCTION PROGRAMS FOR
THE 7-IN. AIR GUN

SEVEN.O.

10 REM
20 REM THIS PROGRAM GENERATES THE COMMANDS REQUIRED FOR
30 REM THE FIRING OF THE SEVEN INCH AIR GUN.
40 REM
50 DIM W(II),L(11)
"60 MAT READ W(11)
70 DATA 25863,21143,19623,13449,6466,20838,24618
80 DATA 10669,10442,1339ý,13620
90 MAT READ L(11)
100 DATA 4,3.27,3.035,2.08,1,2.04,2.375
110 DATA 1,1,1.25,1.25
"120 FILES TEMPY.O.
130 PRINT "TURN ON VACUUM PUMP AND START CAMERA."
140 PRINT "HIT 'RETURN' WHEN READY TO GO." 'START FIRING SEQUENCE.
150 PRINT
160 MAT INPUT X
170 X9=NUM
180 IF X9<>O THEN 270
190 PRINT "CON"
200 PRINT "@5NO001" 'COMMAND TO COUPLER/CONTROLLER
210 PRINT "COF" 'TO START VACUUM PUMPDOWN.
"220 PRINT "VACUUM BEING PULLED .... STAY CLEAR OF BREECH"
230 PRINT
240 REM
250 REM DURING PUMPOOWN TEST DATA IS ENTERED BY THE OPERATOR.
260 REM
270 PRINT "INPUT SHOT #"
280 PRINT
290 INPUT S1
300 PRINT "PROJECT #"
310 PRINT
320 INPUT M$
330 PRINT "TEST REQUESTOR"
340 PRIN1
350 INPUT N$
360 IF LEN(M$)=6 THEN 410
370 PRINT "IMPROPER PROJECT #. ENTER # AGA:N."
380 PRINT
390 INPUT M$
400 GOTO 360
410 PRINT "BIRD #"
420 PRINT
430 INPUT B1
440 PRINT "NOSE SHAPE CODE"
450 PRINT
460 INPUT N9
470 IF N9<3 THEN 490
480 GOSUB 1800
490 PRINT "GUN OPERATOR CODE"
500 PRINT
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APPENDIX 0

SEVEN.O.

510 INPUT 01
520 IF 01<= 7 THEN 540
530 GOSUB 1800
"540 PRINT "INPUT BIRD WEIGHT (GRAMS)"
550 PRINT
560 INPUT W1
570 PRINT "MEM CODE"
580 PRINT
590 MAT INPUT H$
600 SO=NUM
610 IF NUM>O THEN 690
620 PRINT "INPUT MEN WEIGHT (GRAMS)"
630 PRINT
640 INPUT W2
650 PRINT "INPUT ME4 WIDTH (INCHES)"
660 PRINT
670 INPUT L7
680 GOTO 810
690 FOR K=1 TO SO
700 FOR J=I TO LEN(H$(K))
710 FOR 1=1 TO 11
720 IF EXT$( H$(K),J,J)<>EXT$("ABCDEFGHIJK",I,I) THEN 750
730 W2=W2+W(I)
740 L7=L7+L(I)
750 NEXT I
760 NEXT J
770 NEXT K
780 IF W2>0 THEN 810
790 GOSUB 1800
800 GOTO 620
810 PRINT "BAFFLE DIAMETER"
820 PRINT
830 INPUT HI
840 PRINT "MITIGATOR CODE"
850 PRINT
860 INPUT NI
870 IF NI <=I I THEN 890
880 GOSUB 1800
890 PRINT "INITIAL MITIGATOR LENGTH (INCHES)"
900 PRINT
910 INPUT Li
920 PRINT "MITIGATOR WEIGHT (GRAMS)"
930 PRINT
940 INPUT W3
950 PRINT "INPUT MITIGATOR-MEM POSITION (INCHES)"
960 PRINT

* 970 INPUT C7
980 C7=C7/12
990 X7=16.18/12+C7
1000 Y7=62.31/12-16.18/12-C7-LI/12-L7/12
1010 PRINT "CAMERA OPERATOR CODE"
1020 PRINT
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SEVEN.O.

1030 INPUT 02
1040 IF 02=0 THEN 1140
1050 IF 02<=7 THEN 1070
1060 GOSUB 1800
1070 PRINT "DISTANCE FROM N4.SE TO FIRST STRIPE (INCHES)"
1080 PRINT
1090 INPUT L3
1100 PRINT "PROBE STANDOFF DISTANCE (CENTIMETERS)"
1110 PRINT
1120 INPUT L4
1130 PRINT
1140 01=01/10
1150 02=02/100
1160 Nl=Nl+O1+02
1170 IF X9<>O THEN 1440
1180 REM
1190 REM PRE-FIRE DATA ENTRY COMPLETE. CHECK FOR DESIRED
1200 REM VACUUM AND PROPER PHOTOCELL VOLTAGES.
1210 REM
1220 PRINT "VACUUM AND LIGHTS BEING CHECKED"
1230 PRINT "CON"
1240 PRINT "@2C" 'CONTINUE IF DESIRED VACUUM AND PHOTOCELL
1250 INPUT Z 'VOLTAGES REACHED.
1260 PRINT "COF"
1270 PRINT "GUN IS NOW READY TO FIRE!"
1280 PRINT
1290 PRINT "TYPE 'FIRE' TO FIRE GUN"
1300 PRINT
1310 INPUT F$
1320 IF EXT$(F$,1,4)<>"FIRE" THEN 1630
1330 CALL BREAK (0)
1340 PRINT "CON"
1350 PRINT "05NO00"
1360 PRINT "[@4E@3E@6L"
1370 PRINT "@5N0084]" 'ENABLE COUNTERS AND FIRE GUN.
1380 REM
1390 REM GUN FIRED. READ COUNTERS AND CLOCK.
1400 REM
1410 PRINT "TIME OF SHOT (##:##)"
1420 PRINT "@01@6M"
1430 INPUT D$
1440 PRINT "CAMERA TIME"
1450 PRINT "@OI@30"
1460 INPUT S
1470 PRINT "@5NO000"
1480 PRINT "PHOTOCELL TIME"
1490 PRINT "@01@40"
1500 INPUT T
1510 PRINT "COF"
1520 CALL BREAK(1)
1530 IF 02=0 THEN 1600
1540 IF S=O THEN 1600
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SEVEN.O.

1550 S3=IE6/S
1560 REM
1570 REM ALL DATA IS NOW STORED IN A TEMPORARY FILE AND
1580 REM THE PROGRAM "FIVE.O." IS CALLED.
1590 REM
1600 SCRATCH:l
1610 WRITE:I ,S] ,N$,M$,B1 ,N9,WI ,W2,HI ,N ,Ll ,W3,L4,L3,S3,T,D$,X7,Y7,X9
1620 CHAIN "FIVE.O."
1630 PRINT "CON"
1640 PRINT "@5N0009"
1650 PRINT "COF"1
1660 PRINT "GUN SEQUENCE HAS BEEN STOPPED."
1670 PRINT "TYPE 'CONT' TO CONTINUE."
1680 PRINT
1'690 INPUT F$
"1700 IF EXT$(F$,1,4)<>"CONT" THEN 1750
1710 PRINT "CON"
1720 PRINT "@5NOO01"
1730 PRINT "COF"
1740 GOTO 1220
1750 PRINT"GUN SHUT DOWN"
1760 PRINT "CON"
1770 PRINT "@5NOOOO@5NOOO2"
1780 PRINT"COF"
1790 STOP
1800 PRINT
1810 PRINT "PROGRAM DOES NOT RECOGNIZE THIS CODE.";
1815 PRINT " PROCEED BUT INFORM OTTEN."
1820 RETURN
1830 END
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FIVE.O.

10 REM
20 REM THIS PROGRAM READS THE DATA STORED BY "SEVEN.O."
30 REM AND GENERATES A PRINTOUT OF THE TEST RESULTS.
40 REM
50 DIM E(12)
60 FOR 1=1 TO 12
70 E(I)=1200
80 NEXT I
90 E(l)=E(5)=E(6)=18000
100 FILES TEMPY.O.;SHOTS7
110 READ:1,S1,N$,M$,BI,N9,WI,W2,HI,NI,LI,W3,L4,L3,S3,jT,D$,X7,Y7,X9
120 PRINT S3,T,D$
130 PRINT "SET TAB AT 10 THEN HIT CR."
140 INPUT
150 E$=DAT$
160 IF X9=0 THEN 200
170 PRINT"ENTER DATE OF SHOT (##/##/##)"
180 PRINT

V 190 INPUT E$

200 DIM A$(15)
210 DEF FNA$(A,Z$)
220 0(0)=10
230 0$=STR$(A)
240 0$=Z$+Z$+Z$+O$
250 O$=EXT$(O$,LEN(O$)-3,LEN(0$))
260 IF EXT$(O$,2,2)<>"-" THEN 280
270 0$=EXT$(O$,2,2)+EXT$(O$,I,I)+EXT$(O$,3,4)
280 PRINT 0$
290 FNEND
300 B(8(0)- 1)=10
310 CHANGE B TO 8$
320 DEF FNB$(N)
330 FOR I=l TO N
340 PRINT B$;
350 NEXT I
360 FNEND
370 REM
380 REM ENTER POST-FIRE DATA.
390 REM
400 IF INT(NI )=9 THEN 420
410 IF INT(NI ).<>I THEN 500
420 R4-1
430 PRINT "INPUT # OF MITIGATOR SECTIONS"
440 PRINT
450 INPUT N3
460 PRINT"INPUT CRUSHED LENGTHS (INCHES) FOR EACH SECTION ";
465 PRINT"(##.##,##.##,..... )"
470 PRINT
480 MAT INPUT L(N3)
490 IF INT(NI)=9 THEN 530
500 PRINT "INPUT TOTAL CRUSHED MITIGATOR LENGTH (INCHES)"
510 PRINT
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FIVE.O.

520 INPUT L2
530 PRINT "INPUT MEN TIME"
540 PRINT
550 tNPUT T7
560 RINT "INPUT EVENT TIME"
570 PRINT
580 INPUT T8
590 PRINT "DO YOU WISH TO CORRECT CAMERA SPEED"
600 PRINT
610 INPUT Y$
620 IF EXT$(Y$,1,1)<>"Y" THEN 660
630 PRINT "INPUT CAMERA SPEED (RPS)"
640 PRINT
650 INPUT S3
660 PRINT "COMMENTS"
67d PRINT
680 MAT INPUT V$
690 N7=NUM
700 IF N9<3 THEN 740
710 PRINT "DESCRIBE NOSE SHAPE"
720 PRINT
730 INPUT M$(N9)
740 IF 01<= 7 THEN 780
750 PRINT "INPUT GUN OPERATOR'S NAME"
760 PRINT
770 INPUT N$(Ol)
780 IF 02<=7 THEN 820
790 PRINT "INPUT CAMERA OPERATOR'S NAME"
800 PRINT
810 INPUT N$(02)
820 IF N1<=11.99 THEN 860
830 PRINT "INPUT MITIGATOR TYPE"
840 PRINT
850 INPUT A$(N1)
860 A$ 5)="HONEYCOM"
870 A$( 6) ="SHAPED HONEYCOMB"
880 A$ 1 !="S'HAPED TUBECORE"
890 A$ 7) ="7.875 X 7.875 MARINE PLYWOOD"
900 A$ 11)="9X9 MARINE PLYWOOD"
910 A$ 8 )"SHAPED 7.875 X 7.875 MARINE PLYWOOD"
920 A$ 9g)"SHAPED 9X9 MARINE PLYWOOD"
930 MAT READ N$(7)
940 DATA KAYSER,MEEKS,BALL.,SMITH,CURCHACK,BERRY ,MARY
950 M$(1),1"FLAT NOSE"
960 M$(2) "6 INCH DIAMETER FLAT NOSE"
970 REM
980 REM OUTPUT RESULTS.
990 REM
1000 PRINT
1010 PRINT" ----- "
1020 I$-FNB$(5)
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1030 PRINT
1040 PRINT "7-INCH AIR GUN TEST RESULTS"
1050 PRINT -------------------------------
1060 PRINT
1070 PRINT "SHOT # "$S ,E$,"(";D$;")"
1080 PRINT
1090 PRINT "TEST PERFORMED FOR MR. ";N$,"(";MS;")"
1100 PRINT
1110 PRINT "PROJECTILE # ";Bl;" (";M$(N9);')"
1120 PRINT USING 1130,Wl
1130 : BIRD WEIGHT ####¶' GRAMS
1140 PRINT "GUN (SEVEN INCH)"
1150 PRINT USING 1160
1160 : FIRING PRESSURE .10 PSIG
1170 PRINT USING 1180
1180 : VACUUM WAS USED
1190 PRINT USING 1200,T
1200 PHOTOCELL TIME ##### MICROSEC
1210 IF T=O THEN 1280
1220 REM
1230 REM CHECK FOR PROPER PHOTOCELL TIME.
1240 REM
1250 V=lE6/T
1260 IF V>1500 THEN 1280
1270 IF V>100 THEN 1310
1280 PRINT USING 1290
1290 : PHOTOCELL TIME INCORRECT. ESTIMATED VALUE USED.
1300 F9=1
1310 IF INT(H1)<>7 THEN 1490
1320 W6-W1/454
1330 K=32.2*14.7*3.14159*49*98/W6/2
1340 VI=SQR(r)
1350 X-K/2/1128/1128•-•!: ~1360 R=( X*( X* IX*( X*(-1. I17:83E-3)+.0O!8604)-. !12361 )+. 312049)-,469038)130

1365 R=X*R+,996007
1370 V2=R*VI
1380 IF F9=O TVN 1410
1390 VZ.9*V2
1400 GOTO 149t,
1410 P=V/V210
1420 E6mV/V l100
1430 PRINT USING 1440,E6
1440 : EFFICIENCY ###.# %
1450 PRINT USING 1460,X
1460 : NON-DIMENSIONAL LENGTH #.###
1470 PRIlT USING 14,01,P
1480: GUA OERFORMANCE %
14q0 Ol=INT(IO*N1)-IO*INT(N1)
1500 02=INT( 100*N1-.5)- 1O*INT(10*N1)
1510 PRINT USING 1520,N$(O0)
1520 : TEST PERFORMED BY MR. 'E
1530 PRINT "MITIGATOR WAS ";A0(N1)
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1540 PRINT USING1550,W3
1550 : MITIGATOR WEIGHT ##### GRAMS
1560 PRINT USING 1570,L1
1570 " INITIAL MITIGATOR LENGTH ##.## INCHES
1530 IF INT(N1)-9 THEN 1600
1590 IF INT(Ni)<>il THEN 1690
1600 PRINTUSING 1610,N3
1610 MITIGATOR SEPARATED INTO ## PIECES
1620 PRINT" (Ii;
1630 FOR I-i TO N3
1640 PRINT USING 1650,L(I);
1650 :#.##,
1660 NEXT I
1670 PRINT "INCHES)"
1680 IF INT(N1)=9 THEN 1710
1690 PRINT USING 1700,L2
1700 : CRUSHED MITIGATOR LENGTH ##.## INCHES1710 PRINT "MOMENTUM EXCHANGE MASS"
1720 PRINT USING 1730,W21730 MEN WEIGHT ##### GRAMS
1740 IF T7-0 THEN 1800
1750 PRINT USING 1760,T7
1760 : MEN PHOTOCELL TINE ##### MICROSEC
1770 V7=5E5/T7
1780 PRINT USING 1790,V7
1790 : HEN VELOCITY ##E.# FT/SEC
1800 IF S3-0 THEN 1970
1810 L6-L4-L3
1820 PRINT"HIGH SPEED STREAK CAMERA"
1830 PRINT USING 1840,S3
1840 : STREAK CAMERA SPIN ###.# RPS
1850 PRINT USING 1860,L5
1860 CAMERA LOCATION ##.## INCHES
1870 PRINT USING 1880,N$(02)
1880 : CAMERA OPERATED BY MR. 'E
1890 PRINT "COMMENTS"
1900 IF INT(HI)-7 THEN 19301910 PRINT A O;H1;" INCH DIAMETER RESTRICTION WAS EMPLOYED"1920 PRINT" AT THE BREECH TO RESTRICT NUZZLE VELOCITY."
1930 FOR I-1 TO N7
1940 PRINT " "+V$(I)
1950 NEXT I
1960 PRINT
1970 PRINT "RESULTS"
1980 IF INT(N1)-9 THEN 2260j-1990 PRINT CRUSH MEASUREMENT:"
2000 G6m454*14.7/WT*49.4*3.14159/4
2010 PRINT USING 2020,G6
2020: MAX LAUNCH G 19.1 G
2030 X-LI-I.2
2040 L2-O
2050 FOR 1=1 TO LEN(A$(NI))-3
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2060 IF EXT$(A$(NI),I,I+3)="WOOD" THEN 2090
2070 NEXT I
2080 GOTO 2100
2090 X=(1.14*X+8.5E-2*L1*(i-EXP(-11*X/L1)))
2100 X=X*(W1+W2+W3)/(W2+W3)
2110 G=(V*V/X)*.186335 'AVERAGE BIRD ACCELERATION CALCULATED
2120 PRINT USING 2130,X 'FROM MITIGATOR CRUSH.
2130 STOPPING DISTANCE ##.## INCHES
2140 PRINT USING 2150,V
2150 IMPACT VELOCITY ###,# FT/SEC
2160 GI=100*INT(G/100)
2170 PRINT USING 2180,G1
2180 AVERAGE ACCELERATION ##### G
2190 T9-(V/G)*31.1
2200 PRINT USING 2210,T9
2210 IMPACT TIME ##.## MILLISEC
2220 IF F9=O THEN 2260
2230 PRINT "RESULTS BASED ON ESTIMATED PHOTOCELL TIME."
2240 PRINT "SEE FILM REPORT FOR CORRECT VALUES."
2250 G-V=O
2260 IF R5-1 THEN 2440
2270 PRINT " PHOTOCELL MEASUREMENTS:"
2280 IF T8O THEN 2440
2290 IF T7-O THEN 2440
2300 PRINT USING 2310,TB
2310 EVENT PHOTOCELL TIME ##### MICROSEC
2320 D7--2*(Y7*T7/5ES+X7*T/1E6-T8/1E6)-L1/12/E(N1)
2330 VS-l(W1*V-(W2W3/2)*V7)/(W14W3/2)
2340 G7,(V-V5)/D7/32.2 'AVERAGE BIRD ACCELERATION CALCULATED
2350 07D07*1000 'FROM PHOTOCELL MEASUREMENTS.
2360 G67,00*INT(G7/100)
2370 PRINT USING 2300,G7
23•0 AVERAGE ACCELERATION #0#00 G
2390 PRINT USING 2400,V0
2400 : FINALAL BIRD VELOCITY #0##,0 FT/SEC
2410 PRINT USING 2420,07
2420 : IMPACT TIME N.i MILLISEC
2430 IF R4-1 THEN 2M60
2440 ISFN8(1S5)
2450 PRINT -
2460 IF S3-0 THEN 2820
2410 REM
2480 REM PRINT INFORIMTI•N REQUIRED FOR STRE•AK FILM AW4ALYSIS,
2490 REM
2500 PRINT
2510 PRWIT "SHOT -.$I

- 2520 PRINT M$
2530 U9=INT(fOS3+,S}
2540 PR!N`T"EAO FILM AT 1WREIENTS Oi ",;Ug;* MICRONS"M

"2550 U8o-INTfPS•400/U0+.5)+l
2560 PINT"# Of SCAS PER INCH ";U$
2570 I$4NaSf )
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2580 I$=FNA$(Sl,"-")
2590 E9=INT (LOG(LI)/LOG(I0))
2600 N5=INT(Li*1,0(2-E9)+E9*1E3+.5)
2610 I$=FNA$(N5,101)
2620 N5=INT(S3*10+.5)
2630 I$=FNA$(N5 "0")
2640 E9=INT(LOG(Wl )/LOG(1O))
2650 W4-(W2+W3)/WI
2660 N5=INT(Wl*1 0o'(2-E9)+E9*l E3+. 5)
2670 I$mFNA$(N5,"0")
2680 N5=INT(100*L5+.S)
2690 I$=FNA$(N5,"O")
2700 W4=uINT(I00*W4+.5)
2710 I$=FNA$(W4,"O")
2720 PRINT "21"
.2730 $=FNB$(5)
2740 PRINT"--"

S2750 PRINT "OK TO FILE"
"2760 PRINT
2770 INPUT Z$
2780 IF EXT$(Z$,i,1)<>"Yu THEN 2930
2790 REM
2800 REM STORE DATA IN PERMANENT FILE.
2810 REM
2820 APPEND:2
2830 WRITE :2,S1 ;DAT$;1IN$,t!;W1;S3;NI;V;G;B ;LI;X;L5;N9;W3
2840 PRINT "NEW DATA FILED"S2850 STOP

-' 2860 FOR to1 TO N3".:." - .. 2870 L?,'L*L(I)

2880 NEXT I
2. 890 PRINT MOTOROLA TEC{NIQUE:'
2900 R4-0
2910 RS--I
2920 GOTO 2000
2930 PRINT "FILE NOI CA•MGEO"
-4Ao END

L:so



APPENDIX D

SEVEN.O.

TURN ON VACUJU4 PUMP AND START CAMERA.
HIT 'RETURN' WHEN READY TO GO.

CON

VACUUM BEING PULLED .... STAY CLEAR OF BREECH

INPUT SHOT #

? 28
PROJECT #

? 63M235
TEST REQIESTOR

? OTTEN
BIRD #

? 4

NOSE SHAPE CODE

GUN OPERATOR CODE

"•- .•+? 3

INPUT BIRD WEIGHT (GAMS)

? 5740
MEN CODE

? FI3AFLE DIAMETER

MITIGATOR CODE

INITIAL MITIGATOR LENGTH (ItKiU4ES)

?8.93
-ITI&ATOR WE•G, T (GRAMS)

? 4480
ItPUT MITIGATOR-HEN POSITION (INUHES)

7 30.38
CAKERA OPERATOR CODE

~77
DISTANCE FROM NOSE TO FIRST SWRIPE (INCRES)

? 4.2.5
"PROU STAW40FF DISTANCE (CENTIWETERS)
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?4.71
VACUUM AND LIGHTS BEING CHECKED
CON
GUN IS NOW READY TO FIREI

TYPE 'FIRE' TO FIRE GUN

? FIRE
CON
104.384 2300 16:02:39

*, SET TAB AT 10 THEN HIT CR.

INPUT TOTAL CRUSHED MITIGATOR LENGTh (INCHES)

*1? 7.03
INPUT MEN TIK

? 4846
INPUT EVENT TIME

? 13736
DO YOU WISH TO CORRECT CAMERA SPEED

? NO
:• ~CMU4•TS

7-INCH AIR GUN TEST RESULTS
...........................

.SHOT 28 02/14/74 (16:02:39)

TEST PERFORMED FOR 4R. OTTEN (639785)

- PROJECTILE 0 4 (FLAT tOSE)
BIRD WEIGHT 5740 GRPMS

GUN (SEVER INCH)
FIRING PRESSURE .00 PSIG

* VACUUM AS USED
PHOTOCELL TIME 2300 MICOSEC
TEST PERfORW)D BY MR. BALL

MITIGATOR WAS 7,875 X 7875 MARINE PLYWOO:
MITIGATOR WEIGHT 4480 GRAUS
INITIAL MITIGATOR LEWNTH 8.93 INCRES
CRUSHED MITIGATOR LENGTH 7.03 INCHES

* METUN EXCHA•E MASS
MEN WEIGHT 20833 CRAM
MEN PHOTOCELL TIME 4846 MICROSEC
MEN VELOCITY 103.2 FT/SEC
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"HIGH SPEED STREAK CAMERA
STREAK CAMERA SPIN 104.4 RPS
CAMERA LOCATION .46 INCHES
CAMERA OPERATED BY MR. MARY

COMMENTS
. A 5 INCH DIAME!T'R RESTRICTION WAS EMPLOYED

AT THE BREECH TO RESTRICT MUZZLE VELOCITY.

RESULTS
CRUSH MEASUREMENT:

MAX LAUNCH G 45.1 G
STOPPING DISTANCE 3.50 INCHES
IMPACT VELOCITY 434.8 FT/SEC

AVERAGE ACCELERATION 10000 G
IMPACT TIME 1.34 MILLISEC

PHOTOCELL MEASUREMENTS:
EVENT PHOTOCELL TIMF 13736 MIC-ROSEC
AVERAGE ACCELERATION 10100 G
FINAL BIRD VELOCITY 14.4, FT/SEC
IMPACT TIME 1 .28 HILLISEC

SHOT # 28
639285
READ FILM AT INCREMENTS OF 5219 MICRONS
# OF SCANS PER INC4 6

---- 20

0893
1044
3574
0046
0441
21

OK TO FILE
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